Two series of zirconia based catalysts promoted with either sulfates or phosphates were prepared, calcined at different temperatures (600 and 700 °C) and evaluated for the n-hexane isomerization reaction. The catalysts with different concentrations of sulfates or phosphates (4 or 10 wt. %) were characterized by BET, XRD and SEM methods, and total acidity was evaluated by using the Hammett indicators. Their final catalytic performances were correlated with their physicochemical properties (surface, structural, textural and morphological). It was found that sulfated zirconia catalyst calcined at lower temperature showed the highest initial activity of all tested catalysts as the result of favorable total acidity, mesopore texture and structural properties. Somewhat lower activity of the sulfated catalyst calcined at higher temperature is related to the content of acid groups partially removed during thermal treatment, thus, lower total acidity, and also to less favorable textural and structural features. Negligible activity of phosphated zirconia catalysts is connected with low total acidity despite the positive status of particular property showing the complexity of the active phase/site formation in the catalyst.
tained [2, 3] . The economic and industrial viability of the process depends highly on the catalyst used.
Platinum/chlorinated alumina and zeolites have been tested as possible solutions, but failed to satisfy either environmental or economic/process parameters. Namely, the former faces environmental and expense drawbacks, while the latter although proven resistant to impurities does not satisfy due to relatively low activity [4] . That is to say, platinum chlorinated alumina catalyst can be used in the reaction of n-alkanes isomerization at low temperatures, i.e., 120-180 °C. However, this catalyst being very sensitive to poisoning and deactivation requires a pretreatment of the feed. Moreover, chlorine based compounds have to be continuously introduced to maintain the acidity of the catalyst, and consequently its activity. These are reasons why platinum loaded zeolite catalysts that do not show these drawbacks may be also used in commercial isomerization processes [5] [6] [7] . Zeolite based catalysts operate at temperatures around 250 °C while at the same time being more resistant to poisons from the feed.
In order to obtain more selective catalyst for the production of branched isomers, Pt loaded mazzite was investigated, and proved to be more active for n-hexane isomerization under hydrogen pressure than a commercial Pt/mordenite catalyst [5] . Besides, the catalytic performance of the Pt/mordenite catalysts depending on the Pt content for the n-hexane isomerization reaction was recently studied, which gave insight into the effect of platinum content [8] . In addition, a series of platinum loaded zeolites (Pt/Hβ, Pt/ /HM and Pt/H-ZSM-5) is tested in the n-hexane isomerization where the first one showed the best activity and selectivity to isomers [9] .
Due to the mentioned drawbacks, a suggestion of a new environmental friendly and active catalytic material with both appropriate structure and strong acidic properties needed to catalyze such a reaction is a challenging task for the near future.
Zirconium oxide (ZrO 2 ), among other applications, is well known for its favorable catalytic properties. It is used in a wide range of reactions including alkylation, isomerization, biodiesel production, synthesis of 1,5-benzodiazepine and diaryl sulfoxides, benzylation of toluene, etc. [10] . Zirconia is non--corrosive, catalytically active and stable under differrent conditions. The catalyst may be synthesized in a number of ways, but the sol-gel method is most frequently used nowadays. Zirconia obtained in this manner has highly desirable properties in respect to its nano-sized particles and well resolved porosity. Properties of zirconia based catalysts acquired from the sol-gel method of synthesis depend on a number of parameters: precursor compound, temperature, and pH, solution concentration, aging of sol, solvent type, and promoters used [11] .
In order to achieve the surface acidity required for sufficient catalytic activity in isomerization reactions, zirconia may be promoted with acid functions such as sulfates [12] or phosphates. It has been established that zirconia can exist in a number of polymorphs at atmospheric pressure: monoclinic, tetragonal, cubic and orthorhombic [13] .
Sulfated zirconia was considered to be a strong solid acid [14] ; however, recent studies have shown that the catalyst does not possess super-acidic strength [15] . There is still a controversy on the acidic properties of sulfated zirconia and related activity. Further debate concerned different reactivity of sulfated zirconia catalysts according to the preparation method and activation conditions [16] . Additionally, acid functions have been reported to stabilize the desired tetragonal phase in zirconia [12, 13, 17, 18] for reasons not yet fully understood. Possible explanation ascribes the stabilization to crystal size effect, additionally connected with the fact that the value of surface energy difference between tetragonal and monoclinic phase surpasses the bulk energy difference between the two phases due to such small size of the particular crystal [10, 19, 20] . Other authors state that anionic impurities originated from acid modifiers impregnation stabilize the tetragonal phase, and this is the most commonly accepted theory up to date [10, 12, 14] .
Many authors have researched structural properties of a number of sulfated and phosphated zirconia catalysts, obtained in various preparation procedures and under differing conditions [18, 21, 22] , and their activity in isomerization reactions. Alkoxy originated sulfated zirconia was reported to have superior properties compared to the catalyst derived from other precursors, since it retains the preferable tetragonal structure even at higher calcination temperatures [11] . Coupled with the desired phase composition, the catalyst has an appropriate meso-pore size distribution, proven to be beneficial [23] .
Over bifunctional metal/acid catalysts the isomerization of n-alkanes involves hydrogenation and dehydrogenation steps on the metallic sites ( Figure 1 , steps 1 and 5), isomerization or cracking steps on the acid sites ( Figure 1 , steps 2-4) and diffusion steps of the olefinic intermediates from acid to metallic sites and back. It is obvious that the activity and selectivity depend on the characteristics of the acid and metallic sites [8] . When the catalyst is well balanced, the acid function is the limiting one and the product distribution depends essentially on the acidity and pore structure of the solid acid [8] . The aim of this paper is to compare the physical-chemical properties (surface, structural, textural and morphological) of different sulfated and phosphated zirconia catalysts and assess their efficiency in the reaction of n-hexane isomerization. To the best of our knowledge, there are no results on the phosphated zirconia catalytic efficiency in the cited test reaction. In addition, the differences of the catalytic performances (activity, selectivity and "life-time"/deactivation) are discussed in light of the registered catalytic features. It is expected that surface and structural properties of catalysts (determined with different acid groups and their content) would influence the final catalytic performances in the test reaction.
EXPERIMENTAL PART Preparation of catalysts
Zirconia based catalysts were prepared from an alkoxide precursor (zirconium propoxide, 70% solution in 2-propanol, Aldrich Co.) by modified sol-gel method as reported previously [11] . The sulfating procedure of zirconium hydroxide was done by wet-impregnation using 0.5 M H 2 SO 4 for the nominal sulfates content of 4 wt. % (series of sulfated zirconia based catalysts). The introduction of intended 4 or 10 wt. % of phosphates into zirconium hydroxide by using concentrated phosphoric acid was realized in the same way (series of phosphated zirconia based catalysts).
Subsequently, the catalytic samples were then dried and calcined for 3 h in synthetic air flow of 25 cm 3 /min with a heating rate of 20 °C/min. Both catalysts series were calcined at the two chosen temperatures 600 and 700 °C in order to investigate the thermal treatment influence.
Samples were labeled X-PhZrO 2 -Y or X-SZrO 2 -Y, where X represented the percentage mass of phosphates or sulfates, Y was the calcination temperature.
Characterization
Basic textural properties of catalytic samples were investigated by low temperature nitrogen adsorption/desorption method using a Micromeritics ASAP 2010. Specific surface areas were calculated using the Brunauer-Emmett-Teller (BET) equation [24] . The pore size distributions (PSD) were calculated by the Barrett-Joyner-Halenda (BJH) method [25] . Desorption branches were used for comparisons. The mean pore diameter was determined as the BJH desorption average pore diameter [21, 25] . The pore size distribution curves were additionally plotted by using the computer program [26] , and implementing the Kelvin equation [27] .
X-ray diffraction analysis (XRD, Philips APD--1700 diffractometer with a Cu-anticathode and monochromator) was used for the determination of the crystal structure of the zirconia based catalysts. The related properties on the total acidity of the catalysts were evaluated by following the color change of Hammett indicators in contact with the surface of the catalysts. The following indicators: p-dimethylaminoazobenzene and crystal violet were used covering the range of H o values from 3.3 to 0.8 [28] .
Scanning electron microscopy (SEM) was applied in order to obtain data concerning the morphology of the catalyst surface. The scanning electron microscope (JEOL, JSM-6460LV) instrument was used at accelerating voltage of 25 kV, and magnification of 100,000x.
Catalytic tests
Activity and selectivity of catalysts in the reaction of n-hexane isomerization were evaluated using a fixed bed micro-reactor under atmospheric pressure and partial n-hexane pressure of 60.5 mbar. The reaction conditions were: reaction temperature 300 °C; the molar ratio of He, as the carrier gas, and n-hexane was 15.5, and space velocity 6×10 -2 mmol n-C 6 /g cat ·min. The catalysts (0.5 g) were activated in situ at the constant temperature of 500 °C in the synthetic air flow of 25 cm 3 /min during 1 h. The reaction test was carried out for as long as activity was recorded.
Analysis of the reaction products was done by gas chromatography (GC) using an HP Series 5890 II equipped with a flame ionization detector (FID). Injected volume of sample was 0.5 mL. Isomerization products were separated on PONA GC-capillary column (30 m), where 10 cm 3 /min flow of N 2 was used as carrier gas.
Catalyst selectivity and activity were assessed based on the following calculations:
For conversion:
where X is the conversion; C x = 1,2,3,4,5 or 6 -the number of C atoms in a suitable product; P (H-C)x -total GC peak surface of the products with x C atoms (n-hexane, as reactant, was not taken into account here); FOD x -a detector response factor for a hydrocarbon; C-billans =
-derived by summing the multiplication of the number (x) of C atoms compounds and their total GC peaks surfaces, Figure 1 . Isomerization of n-hexane through bifunctional catalytic mechanism: n-C 6 -n-hexane; i-C 6 -i-hexane; n-O 6 -n-hexene; i-O 6 -i-hexene; n-C 6 + , i-C 6 + -carbenium ions [8] .
multiplied by corresponding response factor -FOD x (again, n-hexane was excluded when calculating Cbillans).
For total selectivity:
where S is the selectivity; P x isomer -total GC peaks surfaces of isomers with one and two methyl groups; P x product -total GC peaks surfaces of all reaction products (n-hexane not included).
For yield:
where Y is the yield of certain product; X -the conversion; S x -selectivity of certain product; MFmodified flow in mmol n-hexane/g cat ·min.
RESULTS AND DISCUSSION
The textural characteristics (BET surface area, BJH cumulative desorption pore volume, average pore diameter and pore size distribution) of all synthesized catalysts are shown in Table 1 . These properties are in correlation with the thermal history of the catalysts, type of acidic group incorporated and its content.
The increase of calcination temperature of sulfated and phosphated zirconia-based catalysts has affected the BET surface area decrease to 65 and 41 m 2 /g, respectively (Table 1) and simultaneously an increase of the average pore diameter. The sintering of the catalytic material operates. Consequently, the average pore diameter becomes higher with the increase of the calcination temperature. Therefore, the sintering process is imposed that probably leads to a consolidation of the catalytic material [11, 18, 29] .
The obtained specific surface areas of the sulfated-catalyst series are 65 and 73 m 2 /g for the two catalysts calcined at 700 and 600 °C, respectively (Table 1) . Literature data for sulfated zirconia catalysts based on zirconium alkoxide precursor prepared with somewhat higher nominal wt. % of sulfate showed comparable BET surface areas [21] to the analogous ones calculated in the present investigations. To the best of our knowledge, an identical catalyst preparation procedure (all process parameters) compared to ours is not reported elsewhere. Specifically, the authors impose the BET surface area of zirconia-based catalysts should be correlated with the preparation procedure and conditions applied.
It is noticeable that the sulfation procedure did not increase the BET surface area of the modified zirconia much compared to the phosphate introduction in the zirconia-based catalysts synthesized under the same preparation conditions (4-SZrO 2 -700 vs.
4-PhZrO 2 -700).
Nitrogen isotherms and pore size distributions for sulfated catalysts (4-SZrO 2 -600 and 4-SZrO 2 -700) are shown in Figure 2 . The N 2 isotherms for both catalysts exhibited typical s-shape behavior of type-IV with a type-H1 desorption hysteresis. Both catalysts samples showed a pore system preferably in the mesopores range between 20 and 100 nm with an average pore diameter around 5 nm according to the BJH desorption. The pore size distribution changed only slightly and is shifted towards bigger average pore diameter with increasing the calcination temperature to 700 °C (Figure 2 ). Two clear maxima in the PSD are observed that may be significant during catalytic run. Namely, the authors have previously shown that the existence of mesopores in contrast to micropores affected the mechanism of slower catalyst deactivation and accordingly longer catalytic life [23] . There is a maximum of the average pore width around 30 nm, and also an additional narrow maximum is observed in the region at the edge of mesopores/micropores dimensions (2.5-3.0 nm). The last mentioned maximum is shifted to slightly bigger mesopores in the case of the catalyst calcined at higher temperature (4-SZrO 2 -700) (Figure 2) . Thus, the increase of calcination temperature affected the shift of the pore diameters to somewhat higher values for sulfated zirconia-based catalysts.
The BET surface areas of the phosphated series are in the range from 41 to 55 m 2 /g with the exception for the catalyst 4-PhZrO 2 -600 that S BET exceeds 100 m 2 /g (Table 1 ). Such high specific surface area may be correlated with a bimodal pore size distribution [11, 23] characterized with a substantial fraction of mesopores also responsible for the considerable pore volume of the catalyst (0.24 cm 3 /g) accompanied by the presence of the small mesopores/micropores. In the earlier investigations on the phosphated zirconia, but based on different precursor(s), it is claimed an absence of microporosity [17] . Two well defined maxima in the PSD of 30 and 3.5 nm are observed for the catalyst 4-PhZrO 2 -600 ( Figure 3) . This catalyst has a more pronounced maximum in the region of small mesopores of 3.5 nm.
The general feature of the catalysts texture of phosphated zirconia-based samples with the same phosphates content is the higher the calcination temperature used the smaller specific surface areas are registered. The shapes of the N 2 isotherms are of typical IV-type with a type H1 desorption hysteresis and completely comparable with the same ones of the sulfated catalysts (Figures 2 and 3) , and with textural features of the phosphated zirconia, based on oxide and hydroxide precursors, reported previously [17] . Merely, the hysteresis for phosphated zirconia-based sample is slightly shifted to lower p/p 0 values. Accordingly, phosphated catalysts series showed somewhat narrower pore size distribution (Table 1) compared to the sulfated catalysts series. Among all samples in the phosphated catalysts series, two maxima in the PSD are observed (Figure 3) , where one maximum (in the region 20-80 nm) is shifted to lower values compared to the sulfated catalysts series. In other words, the BJH curves also showed the most populated pore radii are shifted from larger to somewhat smaller mesopores. In general, transformation of the (meso) porous pore structure as a function of calcination temperature is predictable; the average pore diameters are increased when the calcinations temperatures are increased from 600 to 700 °C in the particular catalysts series. This is an indication on width pore broadening for all investigated catalysts samples in the series (sulfated or phosphated) regardless of the acidic additives used. Thus, coupled with the decrease in the specific surface area, usually indicates the sintering process occurring at higher temperatures.
Based on the XRD patterns, and our previously reported results [11] , it is obvious that when heating from 450 to 600 and/or 700 °C (Figure 4) , an amorphous phase of zirconium hydroxide transformed to well crystalline a mixture of tetragonal (t-ZrO 2 ) and monoclinic (m-ZrO 2 ) zirconia. In our case similar to the results of other authors [17, 30, 31 ] the crystallization to monoclinic ZrO 2 increases with calcination temperature.
XRD Patterns of the sulfated catalysts samples calcined at both temperatures indicated the tetragonal zirconia phase prevailed. In the higher presence of phosphate additives, the m-ZrO 2 peaks are partly suppressed in the XRD patterns, which are dominated by peaks due to t-and/or c-ZrO 2 ( Figure 4) . Thus, the above results reveal that the presence of phosphate ions (10 wt. %) in Zr(OH) 4 compounds [32, 33] . Tetragonal zirconia phase is widely referred to as the active catalytic phase for the reaction of n-hexane isomerization [34, 35] .
In contrast, XRD patterns of the phosphated zirconia with minor content of phosphate reflected predominant m-ZrO 2 phase with weaker features of tetragonal phase (Figure 4) . These results indicate that this treatment of crystalline ZrO 2 with 4 wt. % PO 4 3- does not influence the retardation of m-ZrO 2 crystallization at higher temperatures.
The line width for XRD peaks indicates that when tetragonal zirconia transforms to monoclinic zirconia the crystallite size increases (Table 2, Figure  4 ). This indicates that the average particle size of m-ZrO 2 is larger than that of t-and/or c-ZrO 2 similar to the results reported for the modified (sulfated and/or phosphated) zirconia based on different precursors by other authors [30] . All these features can be related to the sintering effect [36] . However, despite such the fact, these particles especially tetragonal ZrO 2 particles are still near critical value [37, 38] reported earlier as important for the catalytic activity when sulfate additives were used. The authors impose similar behavior for phosphated zirconia based catalysts when nominal 10 wt. % of phosphates additives are applied (i.e., higher than 4 wt. %) in modification. Accordingly, sulfate additives may be claimed to retard the crystallization of zirconia (into cubic and monoclinic) to occur near 600 °C and up to 700 °C, whereas phosphate additives caused the retardation (into monoclinic phase) up to 700 °C.
It is noteworthy to stress the impact of the acidic additives on the tetragonal ZrO 2 crystallite size. Namely, sulfate additive maintained t-ZrO 2 particle size around 15 nm, but it is much more maintained (particle size < 10 nm) in phosphated zirconia with 10 wt. % of phosphates incorporated (Table 2) . Therefore, taking into account catalysts structure and crystallite size, one may consider the impact of phosphates additive, but used in higher content, relatively more prominent.
Micro-crystalline oxides may have a large number of imperfections on the surface [39] . These imperfections due to oxygen and/or metal vacancies cause local/regional charge imbalances on the oxides surfaces. Hence, some authors have reported recently that the acidic properties of zirconia surface are in line with the crystallite size [40] , and distribution of imperfections. The acidic properties have been reported to result in beneficial catalytic activity and selectivity.
The range of total acidity of the catalysts investigated, relative to color changes of the applied Hammett indicators, are given in Table 2 . Although quite a modest range of H o values is covered by the available indicators, all the catalysts samples, except 4-SZrO 2 --600, are characterized with surface acidity within the range 3.3 ≥ H o ≥ 0.8. Namely, the catalyst 4-SZrO 2 --600 exhibited higher acid strength, characterized with H o < 0.8. In purpose to access more accurate acidity and/or its categorization, probes with Hammett indicators of basicity higher than that of the most basic available, crystal violet, would be required [41] . The catalyst 4-SZrO 2 -600 showed the highest total acidity, while the catalyst 4-PhZrO 2 -700 impregnated with smaller nominal wt. % of phosphate and calcined at higher temperature, the lowest acidity among all the catalysts (Table 2 ). In general, zirconia based catalysts modified by sulfuric acid possess higher total acidity than those promoted with phosphates groups. In the case of phosphates used as acidic promoters, catalysts with higher incorporated phosphate content and calcined at lower temperatures show higher acidity. The obvious effect of calcination temperature may be related to the dynamics of acidic group removal during thermal treatment, and thus, the full amount of the remaining acidic functions after calcinations. As it is previously claimed, the resulted catalytic efficiency over sulfated zirconia based catalysts in the isomerization of n-hexane can be dominantly ascribed to both the total acidity and dispersion of acid sites [42] . Moreover, in the previous article on the phosphated zirconia based catalysts [43] , surfaces of phosphated zirconia exposed more strong Lewis and Brønsted acid sites than pure zirconia. Therefore, here, the authors impose higher initial activities of the catalysts associated with their higher estimated acidity (Table 3) .
SEM Micrographs of the selected sulfated and phosphated zirconia based catalysts are shown in Figures 5 and 6 , respectively. Catalyst denoted as 4-SZrO 2 -600 possesses smaller particle size (11.7 nm) than the corresponding counterpart calcined at 700 °C (particle size, 15.0 nm) in the sulfated series based on the XRD results ( Table 2) . General insight may be obtained from the corresponding SEM micrographs without precise estimation on the particle size. Namely, the surface morphology of the catalyst 4-SZrO 2 -600 appears grainer, and consisted of particles of smaller size in contrast to the catalyst 4-SZrO 2 -700, the surface of which looks more bulky. The higher the calcination temperature used the bigger particles sizes are obtained inside the particular series of sulfated or phosphated catalysts. This is connected with the sintering process and the agglomeration of primary particles the above mentioned. The SEM characterization also supports the assumption based on the dependence of the particle size on the acidic group content [44] . Specifically, the higher phosphate amount incorporated into zirconia matrix the smaller particle size achieved under the same thermal treatment conditions applied ( Figure 6 ). Accordingly, this observation was already proven by the XRD characterization (Table 2) . When comparing textural, structural, surface, and morphological properties of zirconia-based catalysts (sulfated and phosphated) with the exhibited catalytic efficiencies, some correlations might be imposed. Firstly, it is evident that there is a direct proportion between the fraction of the tetragonal zirconia crystal phase and catalyst activity. Secondly, the total acidity and also the surface acid strength may also play a vital role in determining the catalytic efficiency of the catalysts. Moreover, it seems that a type of acidic promoter of zirconia (sulfate or phosphate) may also contribute to increase the total acidity.
All the discussed catalysts features do not play independent roles but acting together determined the corresponding catalytic efficiency. Here presented catalytic activity results assumed reaction runs performed in He used as carrier gas, while no activity was observed under hydrogen ( Table 3 ). The reaction tests were carried out for as long as activity was recorded. Active catalysts based on sulfated zirconia and/or phosphated zirconia, but the latter exclusively calcined at lower temperature, exhibited the initial activities already after 5 min of the time-on-stream (TOS), and the TOS varied from 20 to 120 min in dependence on the particular catalyst sample tested. Namely, in the absence of hydrogen, a fast deactivation of the catalysts occurred due to coke accumulation and catalyst pores blocking [23] .
Catalyst 4 -SZrO 2 -600 showed the most favorable initial activity that can be explained by the highest total acidity and the most suitable crystal phase composition. In addition, this catalyst is characterized with high S BET and appropriate porosity. Similarly, the reason for beneficial activity of the sulfated zirconia catalyst exposed to 700 °C in calcination procedure is not only a relatively high total acidity but proper structural properties and mesoporous texture (Tables 2 and 3) .
The phosphated catalysts exhibited quite low initial activity at the near edge of the experimental error. No activity or rather very low initial activity in the case of the catalyst 4 -PhZrO 2 -600 is somewhat curious due to the highest S BET and pore volume achieved among all catalysts investigated (Tables 2 and 3 ). This fact together with acceptable total acidity (3.3 > > H o >> 0.8), but oppositely, relatively low tetragonal crystal phase fraction for the reaction of n-hexane isomerization, speaks in favor of a complexity of the active phase formation in the catalyst. The mentioned finding is in agreement with the opinion of other authors [45] that reported tetragonal zirconia crystal phase as main factor influencing catalytic activity. Oppositely, here the authors suggested that structural benefit is important, but not the unique/major factor determining catalytic activity.
Poor catalytic performance of the catalyst 10 -PhZrO 2 -600 despite the existence of the smallest tetragonal crystallite size in the series, i.e., below critical size, accompanied with the acceptable total acidity and affirmative fraction of tetragonal crystal phase reflects on the joint roles of catalyst surface, textural and structural features in determination of the final catalytic performance (Tables 2,3 ).
The picture of the hydrocarbons products distribution is more or less similar in the case of all the tested catalysts, regardless of the acidic promoter type. The major products are mono-branched hydrocarbons at the expense of the more desirable 2,2-and 2,3-dimethylbutanes, which indicates possible monomolecular isomerization mechanism including the carbenium ion [46] . This proposed mechanism assumed a very strong acid site(s) [44, 47] . It seems that active catalytic sites of required acidity missed in the catalysts tested in the reaction runs of the present investigations.
CONCLUSIONS
Sulfated zirconia catalysts manifest more than tenfold the activity of their phosphated counterparts when calcined at lower temperature, and used in the reaction of n-hexane isomerization under process conditions applied. Both the type and content of acidic group incorporated into the zirconia matrix influenced the stability of the particular catalyst regarding structural properties, and crystal phase transformation from tetragonal to undesirable monoclinic one. In addition, it is observed that there is a positive relation between the fraction of the tetragonal zirconia crystal phase and catalyst activity, and that total acidity plays a vital role in determining the catalytic efficiency. Moreover, type of acidic additive should highly affect catalyst acidity, and final performance, as well.
It seems that sulfated catalysts showed favorable initial activity due to well-balanced total acidity, proper structural properties and mesoporous texture. On the other hand, quite low initial activity of the phosphated zirconia based catalyst despite the acceptable single catalytic property reflected on the complexity of the active phase formation in the catalyst. Furthermore, it is obvious that structural benefit is important, but not the major factor determining catalytic activity. Namely, there is the evident joint role of catalyst surface, textural and structural features in determination of the final catalytic performance.
